11/27/2001 17:41 FULBRIGHT & JAUORSKI * 1001229917037465057ft 

[CANCER KESEARCIt 54. 3tfMOJ7. Jwi f IS. 1994) 



NO. 178 



Advances in Brief 



D20 



Growth Suppression of Human Head and Neck Cancer Cells by the Introduction f 
a Wild-Type p53 Gene via a Recombinant Adenovirus 1 

Ta-Jen Liu, Wei-Wei Zhang, Dorothy L. Taylor, Jack A, Roth, Hclmuth Goepfert, and Gary K aayman 2 

Deportment of Head and Nttk Surgtry fT-J. 1., Dl I_ T. t ff. Q. t C. L. CJ t Section of Thoracic Molecular Oncology, and Department of Thoroxfc and CenfYowxcn'or Surgery 
/W-fV. Z>, J. A- &/, The University of Texas M. D, Anderson. Camxr Center, Houston, TcnM 77030 



Abstract 

Mutations of the p$3 gene constitute one of the most frequent genetic 
alteration* ta squamous cell carcinoma of the head and neck (SCCHN). In 
this study, we introduced wild-type pS3 Into two separate SCCHN cell 
lines via a recombinant adenoviral vector, Ad5CMV-p53. Northero Mol- 
ting showed that following Infection by the wild-type pS3 adenovirus 
(Ad£CMV-pS3), cells produced up to lO.fald higher levels of exogenous 
pSS mRNA ibai) cells treated with vector only (without pS3). Western 
blotting showed Ihot the increased levels of p53 protein produced in the 
AdS CMV-pS3 -infected cells were a reflection of p53 mRNA expression. In 
vitro growth essays revealed growth arrest following Ad5CMV-p53 Infcc- 
lion as well a* cell morphological changes consistent with apoptosls. In 
rfro studies In node mice with established s.c squamous carcinoma nod- 
ules snowed thai tumor volumes were dgnlficantly reduced in mice thru 
received perltumoral Infiltrntion of Ad5GMV-pS3. These data suggest that 
Ad5CMV-p53 may be further developed ds a potential novel therapeutic 
agent Tor SCCHN since introduction of wild-type pS3 info SCCHN cell 
lines attenuates ihoir replication and tumor growth. 

Introduction 

Patients with SCCHN* are afflicted with a disease process that often 
has profound effects on speech, swallowing, ond cosmesis. Furthermore, 
the overall rate of survival among these patients has remained unchanged 
at approximately 45% far nearly 30 years since contemporary surgery 
and radiation therapy were instituted (1). Treatment failures among these 
patients remain local and regional; only 10-15% of patients with the 
disease die of distant metastasis alone (2). 

Although we have gained in understanding of the molecular events 
in the initiation and progression of SCCHN, they continue to require 
intensive investigation. A recent study identifying loss of heterozy- 
gosity of chromosome 9p2l-22 as the most frequent genetic alteration 
fin SCCHN suggested that this may be an early event in progression 
toward this neoplasm (3). Additionally, amplification and/or overex- 
pression of cellular and nuclear oncogenes, such as c-erB-l (4), mr-2 
(5), bcl-1 (6) and c-myc (7), have been documented in these cancers. 
The tumor suppressor gene p53 has been the subject of immense 
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interest and investigation in recent years. Alterations in the p53 gene, 
including deletion, insertion* and point mutation, are the most frequent 
genetic events in many different carcinomas, such as those of the 
colon (8), breast (9), and lung (10), as well as soft-tissue sarcomas and 
leukemias (11)- Several investigators have demonstrated the nigh 
frequency of p53 gene alterations in SCCHN (12, 13). 

There is considerable evidence implicating mutations of the p53 
gene in the etiology of many human careers (14), Reports have 
demonstrated thai growth of several different human cancer cell tines, 
including representatives of colon cancer (15), glioblastoma Q6), 
breast cancer (17), and osteosarcoma (18), can be fundi on ally sup- 
pressed by DNA transection or rctrovirus-medialed transfer of the 
wild-type p53 gene, This gene may have an important role not only in 
eel] growth but in apoptosis (programmed ceil death). Induction of 
exogenous expression of wild-type p53 has been shown io induce 
apoprosis in colon cancer cell lines (1$) and io human lung cancer 
spheroids (2Q). 

The adenoviral vector has emerged as a leading candidate for in 
vivo gene therapy in the past few years, ft enjoys an advantage over 
traditional DNA transection and retroviral transfer in its high effi- 
ciency of transferring potentially therapeutic genes into a wide range 
of host ceJU (21). The recently created adenoviral vector containing 
wild-type p5J (Ad5CMV-p53; Ref. 22) provides us with an attractive 
delivery system to investigate the effect of exogenous wild-type p53 
on SCCHN cell lines both in vitro and in viva. The outcome of this 
study indicates that further development of the p53 adenovirus or 
other novel molecular therapies for SCCHN is warranted. 

Materials and Methods 

Cell Lines and Culture Conditions. Human &OCHN cell lines Tu-138 
and To- 1 77 were both established at the D&pajiniem of Head and Neck 
Surg try, M. D. Anderson Cancer Center. Tu-U8 and T«-1T7 wtrt established 
from a gwjgrvo-jabja] moderataly differentiated squamous carcinoma and a 
poorly differentiated squamous carcinoma of the larynx, respectively. Both cell . 
lines were developed via primary cxplant technique and arc cylokcratiji pos- 
itive and tumorigenic in athymtc nude ood SOD mice, These cells were grown - 
in DMEM/F12 medium supplemented with 10% heat-inactivated FBS with 
penicillin/strepiomycja. 

JtacomblBBol Adenovirus Preparation abd Infection- The recombinant 
p53 adenovirus (Ad5CMV-p53; Ref. 22) contains the CMV promoter, wild- 
lype p53 cDNA, and SV40 polyudenylation signal in a minigene cassette 
inserted into the El -de lei ed regbo of modified Ad5. Viral stocks weie prOp- 
asoted in 293 ceiU". Cells were harvested 36-40 h after infection, pelleted, 
resuspended in phosphate- buffered $ahjic, and Ijscd; cdl dchrls w» removed 
by subjecting the cells to CsCl gradienl purificatioo. Con centra led virus was 
dialyzed, aliqwoieo, and stored at -80X. Infection was canicd out by the 
addition of the virus to the DMEM/F12 medium and 2% FBS to the cell 
monolayer*. The cells were incubated at 37 a C for 60 mio with constant 
agitation. Then complete medium (DMEM/F12-105& FBS) was added* and the 
celU were in cube ted at 37*C for the desired length of time* 

Northern BJor Analysis. Total RNA was isolated by the acid-guanidinitmi 
thiocyenaie method of Choniczyruki and Sacchj (23)- Northern analyses wcrt 
performed 00 20 fig of total RNA. The membrane was hybridised wjih a pS3 
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eDNA probe labeled by the random primer roelhod in 5 x SSC-5 x 
Oenhardrs soJutbn-0-5% SDS-denatured salmon sperm DNA (20 ^fi/ml). 
The membrane was also Stripped and reprobed with glycera|dehyde-3- 
phosphate dehydrogenase cDNA for RNA loading control. The relative 
quantities of p5J expressed were determined by densitometer (Molecular 
Dynamics, Inc., Sunnyvale, CA). 

Western Blot Analysis* Total ce)] lysates were prepared by sonicating the 
ceDs 24-h postinfection in RIPA buffer (ISO raM NaCL 1.0& Nonidei P-40. 
0 3% sodium denxycholaic. 0.1% SDS, and 20 mM Trit, pH S\0) for 5 S, Fifty 

of protein from samples were subjected to 10% SDS-polyeeryl&mide gel 
electrophoresis and transferred to Hybond-BCL membrane (Amersnom). The 
membrane was blocked with BIotto/Tween (5% nonfat dry milk, 0.2% Tween 
20, and 0,02% sodium aside in phosphate-buffered saline) find probed with 
the primary antibodies, mouse ami-human p53 monoclonal antibody PAblBOl 
and moose anti-human fi-acUn monoclonal antibody (Ajnerfiharo), and ihe 
secondary imibody, horseradish peroxidafiB^oonjugoLed goat anti-mouse igC 
(Soehringer Mannheim, Indianapolis, IN). The membrane was processed and 
developed as the manufacturer suggested- 

Immunohistochemical Analysis. The infected cell monolayers were fixed 
with 3.8% formalin and treated with 3ft H 2 0 2 in methanol for 5 min. 
Immunohittocfteraieai $Ulnlng was performed by using the Veaaslain Bite kit 
(Vector, Btrriingame. CA). Hjc primary antibody used was the anli-p53 anti- 
body PAblsOl, and the secondary antibody was an avidirt-labeled anti-mouse 
IgG (Vector). The biotinylatcd horseradish peroxidase avidin-biotin complex 
reagent was used to detect the *niigcn-antibody complex, Preadsorption con- 
trols wert used in each immunostainmg experiment. The cells were then 
countersinked with Harris hematoxylin (Sigma Chemical Co., St. Louis, MO). 

Cell Growth Assay. Cells were plated at a density of 2 x 10 4 cells/ml in 
6-wc)] plates in triplicate, Cells were infected with either *ild-type (Ad5CMV- 
oS3) or replication-deficient adenovirus aa a control. Cells were harvested 
every 2 days and counted; their viability was determined by trypan blue 
exclusion. 

Inhibition of Tumor Growth ift Vivo. The effect of Ad5CWV-p53 on 
established s.e. tumor nodules was determined in nude mice in a defined 
pathogen-free environment. Experiments were reviewed and approved by 
instifutionaJ commiltece for both am ma) care and use and for recombinant 
DNA research. Briefly, following induction of acepromazfne/ketamlno anes- 
thesia, three separate s.c, flaps were elevated on each animal, and 5xi0* cells 
in 150 ftl of complete media were injected $.c. into each flap using a blunt 
needle; the cells were kept in the pocket with a horizontal mattress suture. Four 
animals were used fox cacti cell line. After. 4 days, the animals were reanes- 
ihetiscd, and the flaps were rcclevaied for the delivery of 100 pi of: (a) 
Ad5CMV-p53 (If/ Par) in the tight anterior flap; (6) mplication-cbfeciive 
virus (10* PFU) in the right posterior flap; and (c) transport medium alone* in 
the left posterior flank. All injection sites had developed s.c. visual and 
palpable nodules before treatment was administered. Animals were observed 
daily and sacrificed on day 2a In ufro tumor volume was calculated by 
assuming a spherical shape wiiH the average tumor diameter calculated as the 
square root of ihe product of crass-sectional diameters. Following sacrifice, 
excised rumors were measured three dimensionally by xnicrocalipers to deter- 
mine rumor volume. A nonparamctric Friedman's two-way analysis of vari- 
ance test was used to test ihe significance of the difference between means of 
samples; the SPSS/PC + software package (SPSS, Inc., Chicago, fL) was used. 

Results 

Adenoviral Infection of SCCHN Cells. The conditions for opti- 
ma] adenoviral transduction of Tu-138 and Tu-177 ceils were deter- 
mined by infecting these cells with adenovirus expressing the Es* 
cherichia cali 0-gal gene. The transduction efficiency was assessed by 
counting the number of blue cells after X-gal staining. There appeared 
to be a linear relationship between the number of infected cells and the 
number of adenovirus particles used Cells inoculated with a single 
dose of 100 MO] (J-gaJ adenovirus exhibited 60% blue cells (Fig- M). 
and this was improved to 100% by multiple infections (data not 
shown). The transduction efficiency of this vector in SCCHN cells is 
quite different from that of other cell lines examined previously; 
HeLa, HepC2, LM2> and human non-small cell lung cancer eel) fines 
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Fig. l, A t iraosduetton ft/fiejeocy of SCCHN cell Lints Tu-l&S (A) and Tut 77 (■). A 
recombinant 0-gal adenovirus was used to infea the celts at differed MO Is ranging from 
10 io J 00, Tim porccnugf* of B-g&]-po$iUvo ccBb were obuirtcd from scoring JO0 cells 
each on replicate dishes. A expression of exogenous pSJ mRNA 24 h after Ad5CMV-pS3 
infection. Lanes 1 and 2, 2M and K562 ctlts, respectively. Lanes J and 6> crocV-iofectcd 
aod Tu-177 «Ua. Lana < nod 7, Tu-138 and Tu-177 celts infccttd with d)3t2. 
Lena 5 and B, *J>*38 and TV 177 ctlla infected with A15CMV-p53. 

Showed 97 to 100% infection efficiencies after incubation with 30 to 
50 MOI p-ga! adenovirus (22). 

Expression of Exogenous p53 mRNA in AdenoYlnis~infected 
SCCHN Cells* Two human SCCHN cell lines were chosen for this 
study; both cell lines Tu-138 and Tu-177 possess a mutated p53 gene 
(unpublished data). The recently created recombinant wild-type p53 
adenovirus, Ad5CMV-p53, was used to infea Tu-138 and Tu-177 
cells. Twenty-four h after infection, total RNA was isolated, and 
Northern blot analysis was performed. The transformed primary hu- 
man embryonal kidney cell line 293 was used as a positive control 
because of its high level of expression of the pS3 gene product, 
whereas K562, a lymphoblastoma cell line with a homozygous dele- 
tion of the p53 gene! was ihe negative control (Fig. IB, Lanes 1 and 
2, respectively). Due to unequal loading, only a fraction of the 
endogenous p53 mRNA was detected in toe 293 cells (Fig. \B, bottom 
panel). The . levels of the 2.6-kijobaee endogenous p53 mRNA de- 
tected in the samples isolated from mock-infected cells (Fig. IB, 
Lanes 3 and 6).and from the cells infected with a fepJ icabon-defective 
adenovirus, dl312 (Fig. Iff, Lanes 4 and 7\ were similar. Up to 
10-fold higher levels of exogenous 1.9-Jalgbase p53 mRNA were 
present in (he cells infected with Ad5CMV-p53 (Fig. IB, Lanes 5 and 
8), indicating that the exogenous p53 cDNA was successfully trans- 
duced into these ceils and efficiently transcribed. Interestingly, the 
level of endogenous p53 mRNA in these cells was 5-fold higher than 
in the experimental controls. Northern blots exhibited no evidence of 
AdSCM V-p53 (DNA) corjtaraioatjoo of RNA. 
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Expression of p53 Protein in AdenovfoflS-tafected SCCHN 
Cells. Western b]oi analysis was performed lo compart the levels of 
p53 mRNA lo the amount of p53 protein produced. A p53 band, 
recognized by monospecific anti-p53 antibody, PAblBOl, was ob- 
served in cellular extracts isolated from all samples except K562 cells 
(Fig. 2A, Lane 8) r Cell line 293 showed high levels of p53 protein 
(Fig. 1A, Lane i). Samples isolated from mock-infected Tu-138 and 
Tu-177 ce41s exhibited low levels of p53 protein (Fig. 2A, Lanes 2 and 
5), The level of p53 expression remained similar in those cells 
infected with the d!312 adenovirus (Fig. !A t Lams 3 and 6). The 
levels of pS3 antigen detected in Ad5CMV-p53-infect£d cells were 
significantly higher than the levels of the endogenous mutated pro- 



teins in both cell lines (Ffe^ft, Lanes 5 and 7). This result indicates 
that the exogenous p53 mRNA produced from cells infected with 
Ad5CMV-p53 is efficiently translated into iramunoreaclive p53 pro- 
tein. Furthermore, inummobistochemical analysis of cells infected 
with Ad5CMV-p53 revealed the characteristic nuclear staining of p53 
protein (Fig. 2B t right panel), whereas mock-infected cells failed to 
show similar staining despite the presence of the p53 protein in these 
cells (Fig. 28, left panel). This inability to detect the protein may be 
attributable to the insensitivity of the assay. 

Effect of Exogenous p53 on SCCHN Cell Growth in Vitro. Cells 
infected with control virus dJ312 had growth rates similar to those of 
the mock-infected cells (Fig. 3), whereas growth of the A45CMV- 
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Fig. 1 A, Western Wot analysis. CcBo!» cxlisctB kolattd from ceDs 24 h proilnfctfioc w«n subjected to SDS-poly&cfybmida fcul eUttropborcsis. Lanes 1 and 8> 233 and K562 
cell* nspc^v^j. Lanes 2 cod J, mock-iafcetcd Tu-138 not) Ta-1 77 <r|ta. Lanes 3tnd6 t Tu-138 and To-1 77 ocUs inTuitt vwtb dJ311 Lanes 4 tmd 7, Tu-138 and Tu-l77 ceDs injected 
with fro AdSCMV-pS3. B r representative immunoAistoctemjcn) swinicg of mock-infected Tu-13Sce0l (/</f) and Ad5CMV-pS3-infccted To-133 ceils (right) 24-h postinfeakio. X 250. 
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Days 

Hfi- 3. Inhibition of SOCHN cell growth in Wtm A t growth curve of mock-infected 
lb-US ctlls (•)» dl312-ir.feaed Cells (A), and Ad5CMV-p53-iftfected cell* (■> 4 
growth curve of podt-i*fccttd TV 1 77 etlU (OX dOH-infected celU (A), end AdSCMV- 
p$3-Inrea*l cells (P). At each indicated time point, toree dishes of cells were trypsiuzed 
urf oq kin red. The msao cf cell counts per tripttatt wcJIb following infection were plotted 
eg? Lost the cumber of tfcrys since infection; bars, SEM. 



p$3-infected (Fig. 3A) aod Tu~177 (Fig. 3B) cells was gready 
suppressed. Twenty-four h after infection, an apparent morphological 
change occurred with portions of the cell population rounding up and 
their outer membranes forming blebs, Tnese ere port of a scries of 
histologically predictable events that constitute programmed cell 
death* The effect was more prominent for Tu-138 than for Tu-277 
cells. Cells Infected with the replication-defective adenovirus, 41312, 
demonstrated normal growm characteristics with no histomorpliologi- 
cal abnormalities. Growth assays were reproducible in four repeated 
experiments. 

Inhibition of Tumor Growth in Vivo, Seven animals were tested 
for each cell line. One animal in rbe Tu-177 group died following cbe 
second flap surgery and delivery of the therapeutic interventions, 
presumably due to profound anesthesia and subsequent mutilation by 
cage mates. Necropsy revealed no evidence of metastasis or systemic 



effects. Fig. 4 shows representative Tu-138 (ieft) and Tu-177 recipe 
ents (right). Sizable tumors are apparent on both posterior flaps of the 
animals the sites that did not receive Ad5CMV-p53), 'Die lack of 
rumor progression is significant in the right anterior flaps of the 
animals which received Ad5CMV-p53 (P < .04). That Tu-177 cells 
have a slower growth rate has been established previously In these 
animals, 4 Two animals in (he Tu-177 group had complete clinical and 
pathological regression of their established s.c. tumor nodule. Two 
animals in the Tu-138 group were killed early because ihcy were 
experiencing rapid growth and ulceration of the control rumor sites. 
All Surgical sites had developed lesions of al least 6 mm 9 before 
intervention. Tha tumor volumes on necropsy are shown in Table 1. 

Discussion 

Mutations or deletions of the p53 tumor suppressor gene are the 
most frequent genetic alterations reported in SCCHN, Since the wild- 
type pS3 gene is believed to be involved primarily !n delivering 
antiproliferative signals that may be capable of antagonizing the 
growth-stimulatory signals propagated by oncogene products, the 
potential molecular therapeutic effect of this gene in SCCHN deserves 
attention. 

The rapid development in the field cf gene therapy, including the 
creation of adenoviral vectors, has created on environment thai is well 
ariled for progress toward novel gene therapy of SCCHN. Because of 
their natural tropism for aerodigestive tract epithelium, adenoviruses may 
be uniquely suitable for the transient delivery of genes to cancers in these 
epithelial tissues. The recombinant, replication-defective adenoviruses 
that have been developed for gene therapy are missing the cnlire Ela and 
part of the Bib regions and are, therefore, capable of propagating only in 
cells that can provide the El proteins in trans, such as the 293 cell line. 
Jn the past few years, recombinant adenoviruses have been extensively 
developed and used for in vivo gene therapy. The high transfer efficiency 
of adenoviral vectors over a broad range of hosts both in vitro and in vivo 
make them attractive vehicles for molecular therapy. Recently, a recom- 
binant wild-type pS3 adenoviral vector (Ad5CMV-p53) was generated. 
This provided us with on excellent candidate for investigation of the 
biological effects of the wild-type p53 gene product on SCCHN cells 
bearing the mutated p53 gene. Using a 0-gaI recombinant adenovirus, the 
gene transfer efficiency of SCCHN cells was established Approximately 
60% of SCCHN cells were positive after X-gal staining. There appeared 
to be a linear correlation between the number of cells expressing the gene 
and the amount of viral particles used in the experiment This result 
coincided with the efficiency obtained in cells infected with Ad5CMV- 
p53 after immunostalning by using a monoclonal anti-p53 antibody. Our 
observed transduction efficiency was lower than that achieved in other 
cell lines tested, including HeLa, HepG2, LM2, and the human non-small 
ceD lung cancer cell lines. This discrepancy could be due to a host of 
mctorSi including receptor variations and differences in membrane char- 
acteristics among the cell lines. Additionally, the transduction efficiency 
of SCCHN cells may have been underestimated by limitations of light 
microscopic analyses. 

Ad5CMV-p53 mediated a high level of expression of the p53 gene 
in SCCHN cells. Two p53 mRNA species were detected in the 
AdSCMV-p53~in£ected cells. The high level of 1.9-kilobasc mRNA 
was derived from the transduced p33 cDNA following infection with 
Ad5CMV-p53, Indicating that the adenoviral vector is an efficient 
vehiclo for gene delivery into human SCCHN cells. Moreover, the 
levels of endogenous 2.8-ldlcbase mRNA were higher in (be trans- 
duced cells than in the controls, presumably due to the effect of 
wDd-type p53 gene product. This phenomenon of rjnarrscripiional 
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Table 1 Effect cfAd5CMV-p53 on tumor growth in nude mlcf 



Mean volume 
(mm 3 ± SEM) 



Ticatiucnf 


• To-) 38 (7) 


Tu-m («) 


Ad5CMV-p33 
Medium 


a? 3 ± 1* 

803 ±300 
1297 ± 511 


V ±18 
33! £148 
42) ±143 


Significance 


P 


P 


pS3*:.H312 


0.03 

ao4 


0jQ2 
0D3 



" The cells wem injected a.t ai 5 X lt> 6 etlis/fiap. Tumor sizes were eeiefrt.laed nt day 
20 after treatment. Numbers in parentheses, ihe number of nromals evahiared. 
* Ad5CMV-pSJ is abbreviated u p53; d!3J2 i» aa abbreviation Tor AdS(dU12), 



autoreguiation of the p53 gene has been well documented in murine 
oell lines in which the wild-typo p53 can transactivate its own pro- 
moter and the mutant p53 fails to regulate the p53 promoter (24), 

Due to ihe episomal property of adenoviral vectors, all the input 
DNA following infection with Ad5CMY-p53 is presumably degraded 
slowly throughout incubation. By using polymerase chain reaction- 
based detection techniques, DNA can be detected as late as 14 days 
postinfection (data not shown). 

Western blot analysis demonstrated that there were few or no 
changes of p53 protein levels between mock- and replication-defec- 
tive adenovirus-infecled cells, whereas production of p53 protein was 
significant in Ad5CMV-pS3-infected cells, suggesting thai the exog- 
enous p33 mRNA was efficiently translated. Time course protein 
expression studies have shown protein expression to peek 3 days 
postinfection and progressively decline to still detectable Western 
blotting levels on day 15 (22). Functionally, these SCCHN cells 
transduced with wild-type p53 gene exhibited significant inhibition of 
growth in vitro as compared to the mock-infected and replication- 
defective ceils* thus clearly illustrating that these results were not 
mediated by the virus itself- The mechanism by which wild-type p53 
protein inhibits growth in vitro may be related to arrest of the G 2 cell 
cycle (16). apoptosis (19, 20), or induction of another tumor suppres- 
sor gene such as WAF2JCIP2 (25). The induction of apoptosis is One 
of the several documented functions of wild-type p53. When Tu-136 
and Tu-177 cells were infected with Ad5CMV-p53 at 100 plaque- 
forming units/cell, the characterfsrfc apopioric histomorphology, such 
as rounded-up cells and the formation of blebs, was apparent as early 
as 4 h after infection and was followed rapidly by cell death (data not 



shown). However, the mechanism of growth suppression and cell 
death induced by AC5CMV-p53 requires further investigation. 

Encouraging results were also obtained in the nude mice studies. 
Tumor growth in the Ad5CMV-p53-mfected cells was suppressed by 
at least 60 limes more than in the experimental controls. These in vivo 
results confirmed the in vitro effects of Ad5CMV-p53 on human 
SCCHN cells, suggesting that tbe wild -type p53 protein mediates a 
potentially therapeutic effect. Although the in vivo studies arc in their 
infancy, they nevertheless portend tbc development of s model for 
gene therapy in SCCHN that uses p53 adenovirus &$ a therapeutic 
intervention. Information derived from such studies could be ex- 
panded in the development of other novel molecular therapies that use 
adenoviral vectors, not only in SCCHN but in other human cancers. 
Several critical questions remain unanswered. How should the insult 
from antibodies that may arise in animals or patients following viral 
treatment be alleviated? How safe is this virus in humans? The results 
of ihe preliminary studies justify further investigation of in vivo 
animal models as well as mechanisms through which wJ Id-type p53 
regulates these in viiro and in vivo effects. 
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